Patients with acute superficial candidiasis (ASC) develop pustules, scaly erythemas and crusted erosions with a beefy-red appearance, which mainly develop on skin folds and other areas of humid environment. Interestingly, histological features of the pustules show subcorneal spongiform abscess indistinguishable from those of pustular psoriasis.
Therefore, we speculated that topical Candida-infected mice could be an affordable model of pustular dermatoses.
A pathogenic strain of Candida albicans, which was obtained from a patient with intertrigo of the groin, was identified by sequence analysis of the internal transcribed spacer two region in addition to the D1D2 domain of the 26S ribosomal RNA gene. It was maintained on Candida GE Agar (Nissui, Tokyo, Japan) at room temperature. Female 8-10-week-old hairless mice (Hos: HR-1; Hoshino, Saitama, Japan) were used. Application of C. albicans was carried out epicutaneously on the whole areas of the lateral region of the abdomen by occlusion with plastic paraffin film (Parafilm; Pechiney Plastic Packaging, Chicago, IL, USA) and transparent dressing (Tagaderm, 3M, St Paul, IL, USA) through the body. After occlusion, each mouse was caged separately at a room temperature of 22-26°C with a relative humidity of 60-65%. As a control, epicutaneous occlusion without C. albicans was performed using the same procedures. All procedures performed on the mice were in accordance with the Animal Care and Ethical Committee of Fukushima Medical University (permission no. 22017).
Seven days' epicutaneous occlusion of C. albicans with plastic paraffin film induced macroscopic small pustules, scales and diffuse erythematous lesions on the back (Fig. 1a) . Histological evaluation revealed acanthosis with elongated rete ridges, exocytosis of neutrophils in the spinous layer, intracorneal accumulation of neutrophils, dilated vessels in a dermal papilla and diffuse infiltration of lymphocytes and neutrophils in the dermis (Fig. 1b,c) . In addition, there was unexpected formation of numerous enlarged keratinous cyst-like structures in the mid-dermis (Fig. 1b) . Periodic acid-Schiff stain revealed positive staining of hyphae in the cornified layers (Fig. 1d) . By contrast, epicutaneous occlusion without C. albicans did not show such changes.
The first animal model of cutaneous candidiasis was made by Ray and Wuepper in 1976. 2 They used White/Swiss mice and Simonson/albino rats, 1-5 days old with no evidence of hair growth. They succeeded in demonstrating subcorneal and intraepidermal microabscesses. However, conducting an experiment with these animal models is difficult because of the necessity of obtaining newborn animals with immature hair growth. Recent mouse models of oral and cutaneous candidiasis are mainly made by sublingual and intradermal inoculations of C. albicans, respectively. 3 In the clinical setting, superficial fungal infection sometimes induces pustular lesions, and histological examination can reveal a Kogoj's spongiform abscess resembling that of pustular psoriasis. Therefore, we examined whether application of Candida can lead to pustular phenotypes and histological spongiform abscess in mice. We used Hos:HR-1 hairless mice for epicutaneous occlusion of C. albicans, so that it was visually easy to observe the skin changes. We succeeded in inducing macroscopic small pustules, scales and diffuse erythematous lesions, which may clinically resemble pustular dermatoses, namely, pustular psoriasis, on the back after 7 days' epicutaneous occlusion of C. albicans with plastic paraffin film. In addition, characteristic histopathological features of ASC, such as the presence of neutrophils in the stratum corneum and mild acanthosis, 1 were also observed. By contrast, Kogoj's spongiform abscess was not induced. T-helper (Th)17 lineage is essential for host defense against C. albicans, via neutrophil activation and antimicrobial peptides. Systemic challenge of C. albicans induced interleukin (IL)-17A in mice associated with neutrophilia, and IL-17A receptor knockout mice showed impaired infiltration of neutrophils. 4 In addition, large amounts of IL-17 were produced by spleen cells of mice i.v. infected with C. albicans after restimulation with heat-inactivated C. albicans. 5 Therefore, pustular lesions of C. albicans associated with neutrophilic infiltration may be induced by Th17 response during the early innate phase. In conclusion, we herein describe only a phenotype mimicking pustular dermatoses in mice by superficial live Candida infection; however, detailed analysis including IL-17 skewing is ongoing. Furthermore, our mouse model also revealed unpredicted formation of numerous enlarged epidermoid cystlike structures. In humans, many of the epidermoid cysts are considered to be induced by inflammation around a pilosebaceous follicle. 6 Because only occlusion without C. albicans did not induce such changes, inflammation induced by C. albicans may be related to the enlargement of epidermoid cysts. Although the etiology of keratinous cyst is not well investigated, our model also may be helpful to elucidate the pathogenesis of comedos.
